Metal complexes with two different hydrogen-bond donor ligands as anion hosts by Nieto, Sonia et al.
Metal complexes with two diﬀerent hydrogen-bond donor ligands
as anion hostsw
Sonia Nieto,a Julio Pe´rez,*a Lucı´a Riera,*a Vı´ctor Rieraa and Daniel Miguelb
Received (in Cambridge, UK) 5th January 2009, Accepted 25th March 2009
First published as an Advance Article on the web 24th April 2009
DOI: 10.1039/b823460d
The replacement of one pyrazole ligand by 2-aminopyridine in
previously known rhenium tricarbonyl pyrazole complexes leads
to more selective anion hosts.
Metal complexes containing ligands functionalized with
hydrogen-bond donor groups can be used as anion hosts,
and their synthesis is often easier than those of purely organic
hosts.1 We have reported hosts of this type based on cationic
complexes of the fac-{Re(CO)3} fragment and three azole
ligands, as salts of BAr04
 (Ar0 = 3,5-bis(triﬂuoromethyl)-
phenyl), more innocent and inert than the more widely used
anions PF6
 or BF4
.2,3 The choice of the inert metal fragment
aimed to provide hosts stable against substitution of the
neutral ligands by the anionic guests, and the presence of
CO ligands makes IR spectroscopy a useful tool to detect such
a substitution, ligand deprotonation, etc.4 It occurred to us
that their modular synthesis,2 from a suitable metal precursor
and the free azoles, could allow the preparation of hosts
comprising more than one type of functionalized ligand. Such
a modiﬁcation could aﬀord a selectivity higher than that of the
more symmetric hosts. To test this idea we chose to modify the
fac-[Re(CO)3(Hdmpz)3]BAr
0
4 (Hdmpz = 3,5-dimethylpyrazole)
compounds by replacing one of the pyrazole ligands by
an aminopyridine, a ligand employed by Steed et. al. in
ruthenium-based hosts.5
The reaction of [ReBr(CO)3(Hdmpz)2] (prepared by thermal
reaction of [ReBr(CO)5] with two equivalents of Hdmpz)
with AgOTf (to replace bromide by triﬂate), followed by
addition of the salt NaBAr04 and either 2-aminopyridine
(2-ampy) or 3-aminopyridine (3-ampy) aﬀorded the new
compounds fac-[Re(CO)3(Hdmpz)2(2-ampy)]BAr
0
4 (1BAr04)z
and fac-[Re(CO)3(Hdmpz)2(3-ampy)]BAr
0
4 (2BAr04),y see
Scheme 1. Compounds 1BAr04 and 2BAr04 were characterized
by IR, NMR and microanalysis (C, H, N). The IR spectra
were typical of cationic complexes of the fac-{Re(CO)3}
fragment, with nCO values similar to those of the tris(pyrazole)
complexes mentioned above.2 The 1H NMR spectra featured
diﬀerent signals for the two methyl groups in the 3 and 5
positions of the pyrazole ligands, indicating that these ligands
do not experience a fast dissociation–recoordination process,
which would lead to the observation of a single methyl signal.
The presence of only one set of pyrazole resonances in 1H and
13C NMR, and only two carbonyl signals in 13C NMR for the
three CO ligands, indicate the presence of a molecular mirror
plane. Attempts to grow single crystals of 1BAr04 failed, but
anion exchange with [Bu4N][ClO4] aﬀorded single crystals of
1ClO4, which were used for the structural determination.6 The
results conﬁrmed the formulation inferred from the spectro-
scopy data summarized above (see Fig. 1(a)). The 2-ampy
ligand binds Re through the NH2 group, a coordination mode
less frequently found in transition metal complexes than
binding through the pyridine nitrogen.7 This feature is attributed
to the presence of an intramolecular hydrogen bond between
the N–H group of one of the pyrazole ligands and the pyridine
nitrogen, characterized by N4  N6 = 2.893(7) A˚ and
N4–H  N6= 162.3(6)1. The ClO4 anion forms weak hydrogen
bonds with N–H groups of pyrazole and 2-ampy ligands.
Fig. 1(a) shows, as dotted lines, the hydrogen bonds of the
perchlorate anion with one cationic host (for a more complete
view, showing also H-bonds with a second cation or the
structural packing, see ESIw).
When an equimolar amount of [Bu4N][ClO4] was added to a
solution of 1BAr04 in CD2Cl2, the 1H NMR signals of
the [Re(CO)3(Hdmpz)2(2-ampy)]
+ complex did not change
appreciably. Therefore, the coordination mode of the 2-ampy
ligand in 1BAr04 must be the same as in 1ClO4, in accord with
the low interacting ability of the perchlorate anion.
In contrast, in the structure of 2BAr04 (see Fig. 1(b)), the
3-ampy ligand is bonded to the rhenium atom through the
pyridine function.8 Compound 2ClO4 was prepared by anion
exchange between 2BAr 04 and [Bu4N][ClO4], and its structure
Scheme 1 Synthesis of compounds 1BAr04 and 2BAr04.
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was determined by X-ray diﬀraction (see ESIw). The cationic
complex [Re(CO)3(Hdmpz)2(3-ampy)]
+ in 2ClO4 is virtually
identical to that found in 2BAr04. The salt 2ClO4 features
weak hydrogen bonding between the perchlorate anion and
amino N–H groups. The NH2 group is disordered between
two positions related by rotation about the Re–N(pyridine)
bond. Both 1BAr04 and 2BAr04 were found to be stable in
solution at room temperature during several days. Their
behavior toward the tetrabutylammonium salts of several
anions was investigated by IR and 1H NMR. With chloride,
bromide and nitrate, the IR bands of a CH2Cl2 solution of
1BAr 04 shifted instantaneously some 10 cm1 toward lower
wavenumber values. In the case of chloride and bromide, the
products were found to be the known neutral complexes
[ReCl(CO)3(Hdmpz)2]
2a and [ReBr(CO)3(Hdmpz)2],
9 indicating
that the mentioned anions displaced the 2-ampy ligand. Unlike
1BAr 04, 2BAr 04 was found to be stable in the presence of
tetrabutylammonium chloride, bromide and nitrate. The 1 : 1
adducts formed by the cationic complex 2 and the anions
bromide (Fig. 2(a)) and nitrate (Fig. 2(b)) were crystallized
from equimolar solutions of 2BAr04 and the corresponding
tetrabutylammonium salt in CH2Cl2 via slow diﬀusion of
hexane at low temperature (20 1C). The structures of these
adducts were determined by single-crystal X-ray diﬀraction,
and the results are displayed in Fig. 2.10 In both adducts
simultaneous hydrogen bonds between the anion and the N–H
groups of one pyrazole and the 3-ampy ligand, were found,
and are shown in dashed lines in Fig. 2 (more detailed views of
these structures are given as ESIw).
The diﬀerence in stability is attributed to the diﬀerent
coordination mode of the ampy ligand: the amine-ligated
2-ampy in 1BAr04 is labile, whereas the pyridine-ligated
3-ampy in 2BAr04 is stable. A higher stability of the s-donor
and p-acceptor pyridine compared with the only s-donor
amine is expected for a low oxidation organometallic fragment;
besides, 2-ampy is sterically more hindered than 3-ampy,
making its substitution by the anions more favored. As in
tris(pyrazole) hosts,2 ﬂuoride deprotonated 2BAr04, as shown
by a 21 cm1 decrease in the nCO values of the IR bands.
Chloride, bromide and nitrate anions induced noticeable shifts
in the 1H NMR signals of the amine and pyrazole N–H groups
as well as in the ortho pyridine C–H groups of 2BAr04. The
signals of the pyrazole N–H groups underwent the larger
anion-induced shifts and these were used for the calculation
of binding constants. The exchange of the mentioned anions
was found to be fast; therefore, binding constants were
calculated from the variation of the chemical shifts of the
signals of 2BAr04 as a function of the amount of anion
added.11 Titration curves are given as ESI.w A good 1 : 1
ﬁtting was found, and the calculated binding constants
in acetonitrile were: 104 (chloride), 142 (bromide) and 67
(nitrate). The selectivity (in this case, the large preference for
chloride), which for fast anion exchange is simply given by the
quotient of binding constants, is much higher than that found
in tris(pyrazole) hosts,2 likely reﬂecting that only the smaller
chloride can interact simultaneously with the hydrogen-bond
donor groups of the three N-donor ligands. These results
indicate that mixed complexes with two diﬀerent types of
ligands functionalized with hydrogen-bond donor groups
can be prepared as single products in good yield with
the {Re(CO)3} fragment, and that such complexes show
promise as more selective anion hosts than the previously
known complexes with a single type of functionalized ligand.
Extension of these studies to other ligands is under way and
will be published in due course.
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Notes and references
z Synthesis of 1BAr04: [ReBr(CO)5] (0.100 g, 0.246 mmol) and Hdmpz
(0.047 g, 0.492 mmol) were reﬂuxed in toluene (20 mL) for 30 min.
The solvent was evaporated under reduced pressure, the residue
redissolved in CH2Cl2 (20 mL), AgOTf (0.063 g, 0.246 mmol) was
added and the mixture was stirred in the dark for 1 h. The resulting
solution was ﬁltered from the white solid through Celite, NaBAr 04
(0.218 g, 0.246 mmol) and 2-ampy (0.023 g, 0.246 mmol) were added,
and the reaction mixture was allowed to stir at room temperature for
1 h. The solution was concentrated under vacuum to a volume of 5 mL
and addition of hexane (20 mL) caused the precipitation of a white
solid, which was washed with hexane (2  15 mL) and dried under
vacuum. Compound 1BAr04 was obtained as a white microcrystalline
solid. Yield: 0.272 g, 78%. IR (CH2Cl2): 2037vs, 1934s, 1917s (nCO).
1H NMR (CD2Cl2): d 10.71 [s, br, 2H, NH, Hdmpz], 7.73 [m, 9H, Ho
and CH, BAr04 and 2-ampy], 7.57 [m, 4H, Hp, BAr04], 7.44 [m, 1H,
CH, 2-ampy], 7.15 [m, 1H, CH, 2-ampy], 6.86 [m, 1H, CH, 2-ampy],
6.12 [s, 2H, CH, Hdpmz], 5.32 [s, br, 2H, NH2], 2.21 [s, 6H, CH3,
Hdmpz], 2.12 [s, 6H, CH3, Hdmpz].
13C NMR (CD2Cl2): d 193.3 [CO],
Fig. 1 (a) Molecular structure of the 1ClO4 adduct. (b) Molecular
structure of [Re(CO)3(Hdmpz)2(3-ampy)]
+ in 2BAr04.
Fig. 2 Molecular structure of 2Br (a) [selected distances (A˚) and
angles (1): N2  Br 3.534(8), N2–H  Br 146.1; N6  Br 3.440(8),
N6–H  Br 154.9], and 2NO3 (b) [selected distances (A˚) and angles
(1): N6  O8 3.00(3), N6–H  O8 154.0; N4–O7 2.93(2), N4–H  O7
154.8] adducts.
3280 | Chem. Commun., 2009, 3279–3281 This journal is c The Royal Society of Chemistry 2009
D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
id
ad
 d
e 
O
vi
ed
o 
on
 2
7 
D
ec
em
be
r 2
01
2
Pu
bl
ish
ed
 o
n 
24
 A
pr
il 
20
09
 o
n 
ht
tp
://
pu
bs
.rs
c.o
rg
 | d
oi:
10.
103
9/B
823
460
D
View Article Online
191.6 [2  CO], 164.1 [q (1JCB = 50.0 Hz), Ci BAr04], 159.6 [C5(3),
Hdmpz], 155.8 [2-ampy], 151.7 [C3(5), Hdmpz], 144.5, 141.8 [2-ampy],
134.7 [Co BAr
0
4], 128.8 [q (
2JCF = 32.1 Hz), Cm BAr
0
4], 124.5 [q (
1JCF
= 272.9 Hz), CF3, BAr
0
4], 117.5 [Cp BAr
0
4], 116.5, 109.3 [2-ampy],
108.4 [CH, Hdmpz], 14.6, 10.8 [CH3, Hdmpz]. Anal. Calc. for
C50H37BF24N5O3Re: C 42.30, H 2.41, N 5.92. Found: C 41.97,
H 2.52, N 6.04%.
y Synthesis of 2BAr04: Prepared as described for 1BAr04, from
[ReBr(CO)5] (0.100 g, 0.246 mmol), Hdmpz (0.047 g, 0.492 mmol),
NaBAr04 (0.218 g, 0.246 mmol) and 3-ampy (0.023 g, 0.246 mmol).
Slow diﬀusion of hexane (20 mL) into a concentrated solution of
2BAr04 in CH2Cl2 aﬀorded colorless crystals, one of which was used
for the X-ray determination. Yield: 0.261 g, 75%. IR (CH2Cl2):
2037vs, 1929s (nCO). 1H NMR (CD2Cl2): d 9.13 [s, br, 2H, NH,
Hdmpz], 7.89 [m, 1H, CH, 3-ampy], 7.73 [m, 9H, Ho and CH, BAr
0
4
and 3-ampy], 7.57 [m, 4H, Hp, BAr
0
4], 7.24 [m, 2H, CH, 3-ampy], 6.18
[s, 2H, CH, Hdpmz], 4.20 [s, br, 2H, NH2], 2.30 [s, 6H, CH3, Hdmpz],
2.23 [s, 6H, CH3, Hdmpz].
13C NMR (CD2Cl2): d 196.0 [CO], 195.5
[2  CO], 164.1 [q (1JCB = 49.9 Hz), Ci BAr04], 159.0, 148.7 [C5 and
C3, Hdmpz], 147.4, 143.6, 142.1, 137.2 [2-ampy], 134.4 [Co BAr
0
4],
131.2 [q (2JCF = 31.3 Hz), Cm BAr
0
4], 130.1, 127.2 [3-ampy], 127.0
[q (1JCF = 272.3 Hz), CF3, BAr
0
4], 119.9 [Cp BAr
0
4], 111.3
[CH, Hdmpz], 17.6, 13.3 [CH3, Hdmpz]. Anal. Calc. for
C50H37BF24N5O3Re: C 42.30, H 2.41, N 5.92. Found: C 42.22, H
2.47, N 5.78%.
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